INTRODUCTION {#s1}
============

With the progress of science and technology, the use of electric power has become more and more popular. Meanwhile, the probability of exposure to extremely low frequency electromagnetic fields (ELF EMFs) in public or in the workplace has increased dramatically. ELF EMF is one of the electromagnetic fields, and it has an extremely low frequency, ranging from 1--300 Hz \[[@RRV059C1]\]. It should be noticed that ELF EMFs can be produced by powerlines, televisions, hair driers and other electrical appliances \[[@RRV059C2]\]. In response, a small current will be generated in the human or animal\'s body inside the ELF EMF \[[@RRV059C3]\]. This current might be a mechanism for ELF EMFs affecting human and animal health. In I979, Wertheimer and Leeper reported that children who lived near powerlines may be at risk of leukemia \[[@RRV059C4]\]. Since then, a great number of studies have focused on the effects of ELF EMFs on human health, mostly focused on cancer \[[@RRV059C5], [@RRV059C6]\], the endocrine system \[[@RRV059C2], [@RRV059C7]\], neurology and the psychiatric system \[[@RRV059C8], [@RRV059C9]\], and the cardiovascular system \[[@RRV059C10]--[@RRV059C12]\]. However, the results from various laboratories are controversial, and no definite conclusion can be drawn regarding the effects of ELF EMFs on human health.

Cancer is the most studied area, because ELF EMF is classified as 'possibly carcinogenic' \[[@RRV059C13]\]. A number of epidemiologic studies have suggested that prolonged exposure to ELF EMFs may be associated with increased risk of childhood cancer, particularly leukemia \[[@RRV059C14]\].

The relationship between ELF EMFs and the hematogram has drawn recent interest because the hematogram is one of the most important representations of leukemia. The hematologic effects of chronic exposure to ELF EMFs have been studied in animals. Cakir *et al.* reported that ELF EMF exposure induced a decrease in eosinophil, hemoglobin (Hb) and mean platelet volume (MPV) levels \[[@RRV059C15]\], while another study carried out by Margonato *et al.* showed that exposing rats to ELF EMFs did not affect their hematologic parameters \[[@RRV059C16]\].

It is well known that peripheral blood is composed of blood cells and plasma, which consists of lipids, proteins, electrolytes, etc. The homeostasis of these cells and molecules keeps the body healthy \[[@RRV059C17], [@RRV059C18]\]. Therefore, blood chemistry is another common examination that is used to evaluate human and animal health. As a consequence, the effect of ELF EMFs on blood chemistry is becoming an attractive field for study by scientists all around the world. Ragan *et al.* reported that exposure to ELF EMFs for 120 days affected the serum ion concentration and serum alkaline phosphatase concentrations \[[@RRV059C19]\]. However, conflicting results have been revealed by Zecca *et al.*, who showed that exposure to ELF EMFs had no effect on serum chemistry \[[@RRV059C20]\].

Apparently, effects of ELF EMFs on the hematogram and blood chemistry still remain controversial, which may be due to the differing exposure conditions (e.g. field intensity, field\'s regularity), and this has led us to carry out the present study. Hence, we constructed an exposure device that produced a uniform 100-μT/50-Hz ELF EMF, and rats were used to evaluate the effects of ELF EMFs. The results showed that exposure to ELF EMFs had no effect on the hematogram, lipid profile or liver function and, more importantly, our study provided the first evidence that ELF EMFs did not affect renal function.

MATERIALS AND METHODS {#s2}
=====================

Animal treatment {#s2a}
----------------

All experimental protocols complied with the Principles of Laboratory Animal Care (NIH publication No. 85-23, revised 1985), the OPRR Public Health Service Policy on the Humane Care and Use of Laboratory Animals (revised 1986) and the US Animal Welfare Act. The Sprague--Dawley (SD) background rats were raised in the animal center of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China). Animals were housed under standard laboratory conditions (12 h light:12 h dark cycle, light cycle: 07 : 00--19:00 h with lights on at 07:00, 22--25°C room temperature, and 45--55% relative humidity). The food prepared for rats was bought from HFK Bioscience (Cat No. 1025, Beijing, China) and the composition was moisture (%) ≤ 8.0, crude protein (%) ≥ 18.0, crude fat (%) ≥ 4.0, crude fiber (%) ≤ 5.0, ash (%) ≤ 6.5, calcium (%) 1.2--1.4, phosphorus (%) 0.8--1.0. The food was sterilized with high pressure, and the water was supplied by a reverse osmosis water treatment system and sterilized by filtration and ozone. A total of 128 rats were randomly divided into two groups: the ELF EMF group and the sham group. Prior to the exposure, every animal\'s general conditions were recorded and their blood samples were collected. Then, rats were exposed to the 100-μT/50-Hz ELF EMF for 20 h per day. The food intake and water intake were recorded every week, and the weights of the rats were determined every two weeks.

Blood sample collection {#s2b}
-----------------------

The blood sample was collected every month via tail, as described previously \[[@RRV059C21], [@RRV059C22]\]. Briefly, puncture of the lateral tail vein was performed with the rat lying on its right side and the base of the tail placed between the index and middle ﬁngers. Pressure was applied to distend the vein, and a 16-mm 25G hypodermic needle (Weigao, Shandong, China) was inserted into the vein in a cranial direction. Negative pressure was applied to the 1-ml syringe attached to the needle until venepuncture was achieved. The needle was removed, and digital pressure applied to the puncture site for 5--10 s.

Exposure device construction {#s2c}
----------------------------

The device was made of the ABS plastics (Yite Electric, Wuhan, China), and bronze wires (Yite Electric, Wuhan, China) were used to produce the ELF EMF. The whole device had five floors. The top and bottom floors were made with 400 round wires, and in the internal floors, there were 200 round bronze wires. A TDGC2 transformer (Mushidq, Shanghai, China) was connected and the voltage was measured by Fluke 17b voltmeter (Fluke, Everett, WA, USA). We adjusted the voltage to 34.9 V to make sure the intensity of the EMF was 100 μT. Inside the device, we placed a four-floor shelf, which was also made with ABS plastic in the center, and the height of every floor was the same as that of the device. We used plastic cages to raise the rats; the size of these cages was 45 × 20 × 35 cm (L × W × H). There were two rats moving freely in each cage. The distribution of the EMF was determined by Narda efa-300 (Narda, Pfullingen, Germany), and the distribution map was drawn before use.

Peripheral hematogram determined {#s2d}
--------------------------------

Before and after the 3-month exposure, the peripheral hematogram (which included the total and differential white blood cell count, red blood cell count, hemoglobin and platelet count) was determined. The blood samples were anticoagulated using Ethylene Diamine Tetraacetic Acid (EDTA). After collection, hematograms of samples were determined using the Cell-Dyn 3700 hematology system (Abbott Laboratories, Abbott Park, Illinois, USA) over a period of 2 h.

Blood biochemical examination {#s2e}
-----------------------------

The blood sample was centrifuged at 1600 *g* for 8 min after collection, and then stored at --20°C. Blood biochemical examinations, including liver function (alanine aminotransferase (ALT), aspartate aminotransferase (AST)), renal function (blood urea nitrogen (BUN) and creatinine (Cr)), blood glucose, blood lipid, calcium (Ca) and magnesium (Mg), were measured on an AEROSET Clinical Chemistry System (Abbott Laboratories, Abbott Park, Illinois, USA), as previously reported \[[@RRV059C23]\].

HE staining {#s2f}
-----------

After the animals were sacrificed, the liver and kidney were isolated and fixed with 4% neutral formalin, dehydrated, and then paraffin sections were prepared. Samples were stained with a hematoxylin-eosin (HE) kit (Jiancheng Bioengineering Institute, Nanjing, China) in accordance with the manufacturer\'s protocol. Photographs were captured with an Olympus inverted microscope (Olympus, Tokyo, Japan).

Statistical analysis {#s2g}
--------------------

Data are expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was performed to determine the statistical significance of differences between the two groups. In all cases, statistical significance was defined as *P* \< 0.05.

RESULTS {#s3}
=======

The ELF EMF in the exposure device {#s3a}
----------------------------------

In order to evaluate the effects of ELF EMFs on animal health, we constructed an exposure system. This system consisted of an exposure device with five tiers and a transformer (Fig. [1](#RRV059F1){ref-type="fig"}A and B). A transformer was used to adjust the intensity of the EMF. We set the intensity to 100 μT, and the electromagnetic distribution was determined (Fig. [1](#RRV059F1){ref-type="fig"}C). As the figure showed, the distribution of the EMF in every floor was uniform. In addition, we built another exposure device without power to be used as the sham exposure system. Fig. 1.The magnetic field distribution of the exposure device. (**A**) The scheme of the exposure device. (**B**) The sketch map of the device\'s cross-section. (**C**) The magnetic field distribution of the shelf settled in the middle of the device.

ELF EMFs had no effect on an animal\'s general condition {#s3b}
--------------------------------------------------------

To evaluate the state of the rats, general condition, including weight, water intake and food intake were measured. Rats were weighed every 2 weeks, and it was found that after 3 months, the weight of the animals increased by ∼150 g, and there was no significant difference between the ELF EMF exposure group and the sham group (Fig. [2](#RRV059F2){ref-type="fig"}A). Meanwhile, we recorded the food intake and the water intake of rats every week. Results showed that the food (Fig. [2](#RRV059F2){ref-type="fig"}B) and water (Fig. [2](#RRV059F2){ref-type="fig"}C) intake of both groups were not changed during the whole 12 weeks. These data suggested that ELF EMFs had no effect on the general physiologic conditions of rats compared with the sham group. Fig. 2.General conditions of the rats during the 12-week exposure. (**A**) The weight of the rats in the control group and the ELF EMF--exposed group. (**B**) The food intake of the rats in the control group and the ELF EMF--exposed group. (**C**) The water intake of the rats in the control group and the ELF EMF--exposed group. Error bars indicate the standard deviation (SD) of the mean for *n* = 64 independent experiments.

ELF EMFs had no effect on the peripheral hematogram {#s3c}
---------------------------------------------------

Before and after exposure, we collected the blood sample and determined the peripheral hematogram for every rat. The results showed that total and differential white blood cell (WBC) counts showed no significant difference between the two groups (Fig. [3](#RRV059F3){ref-type="fig"}A--C). Fig. 3.Peripheral hematogram of the two groups after the 12-week exposure. (**A**) The number of white blood cells (WBC). (**B**) The percentage of lymphocytes (LYMR). (**C**) The percentage of neutrophils (NEUR). (**D**) The number of platelets (PLT). (**E**) The number of red blood cells (RBC). (**F**) The amount of hemoglobin (HGB). Error bars indicate the standard deviation (SD) of the mean for *n* = 64 independent experiments.

At the same time, we analyzed the platelet and the red blood cell (RBC) counts. Consistently, ELF EMFs did not affect platelet count compared with the control (Fig. [3](#RRV059F3){ref-type="fig"}D). After a 3-month exposure, we compared the RBC count and the hemoglobin from ELF EMF--exposed rats with that of sham-exposed rats and found that there were no significant difference between the two groups (Fig. [3](#RRV059F3){ref-type="fig"}E and F). Together, the peripheral hematogram was not affected by the ELF EMF exposure.

ELF EMFs had no effect on lipid profile or glucose {#s3d}
--------------------------------------------------

During the whole study, we collected blood every 4 weeks and determined the blood chemistry for both groups. The concentrations of lipid, including the total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL) and low-density lipoprotein (LDL), were determined. As shown in Fig. [4](#RRV059F4){ref-type="fig"}A--D, the lipid profile of the ELF EMF--exposed rats showed no significant difference from that of control rats, which suggests that lipid metabolism was not affected by ELF EMF exposure. In addition, we determined the blood glucose (BG) as an indicator of glucose metabolism. As shown in Fig. [4](#RRV059F4){ref-type="fig"}E, there was no significant difference between ELF EMF--exposed animals and control animals. Fig. 4.The effect of ELF EMF exposure on blood lipid profile and blood glucose level. The blood lipid and glucose were determined every 4 weeks during the 12 weeks\' observation. (**A**) The level of total cholesterol (TC). (**B**) The level of triglyceride (TG). (**C**) The level of low-density lipoprotein (LDL). (**D**) The level of high-density lipoprotein (HDL). (**E**) The level of blood glucose (BG). Error bars indicate the standard deviation (SD) of the mean for *n* = 64 independent experiments.

ELF EMFs had no effect on liver function {#s3e}
----------------------------------------

Moreover, we estimated the liver function by measuring AST and ALT. The results showed that both AST and ALT showed no significant difference after 100-μT ELF EMF exposure and they did not differ from the sham group (Fig. [5](#RRV059F5){ref-type="fig"}A and B). These results suggested that ELF EMFs might not influence liver function. In addition, as shown in Fig. [5](#RRV059F5){ref-type="fig"}C, the ratio of liver weight to body weight was similar between the two groups. Moreover, compared with the control group, the results of HE staining showed that exposure to ELF EMFs did not alter the structure of the liver (Fig. [5](#RRV059F5){ref-type="fig"}D) Fig. 5.ELF EMF exposure did not affect the liver function during the 12 weeks\' observation. (**A**) The level of alanine transaminase (ALT). (**B**) The level of aspartate aminotransferase (AST). (**C**) The ratio of the liver weight to the body weight. (**D**) The HE staining of the liver section: the left images were taken at a magniﬁcation of × 100, while the right images were taken at a magniﬁcation of × 200. Error bars indicate the standard deviation (SD) of the mean for *n* = 64 independent experiments.

Exposure to ELF EMFs did not affect renal function {#s3f}
--------------------------------------------------

BUN and Cr are important and direct indicators for the evaluation of the renal function. Thus, we measured the concentrations of BUN and Cr every 4 weeks. As shown in Fig. [6](#RRV059F6){ref-type="fig"}A and B, the concentrations of BUN and Cr were not influenced by ELF EMF exposure compared with the control group. Further, we evaluated the level of blood Ca and Mg, and the results showed that exposure to ELF EMFs had no effect on the concentrations of Ca and Mg (Fig. [6](#RRV059F6){ref-type="fig"}C and D). To further study the structure of the renal function, HE staining was conducted. The results showed that the structure of the renal glomerulus did not differ between the two groups (Fig. [6](#RRV059F6){ref-type="fig"}E). Fig. 6.The effect of ELF EMF exposure on renal function. (**A**) The concentration of the blood urea nitrogen (BUN). (**B**) The level of creatine (Cr). (**C**) The concentration of total calcium (Ca). (**D**) The level of total magnesium (Mg). (**E**) The HE staining of the renal section: the left images were taken at a magniﬁcation of ×100, while the right images were taken at a magniﬁcation of ×200. Error bars indicate the standard deviation (SD) of the mean for *n* = 64 independent experiments.

DISCUSSION {#s4}
==========

In the present study, we constructed an exposure device that could produce a 100-μT ELF EMF, and rats were used as the subject to evaluate the effects of 100-μT ELF EMFs on the hematogram and blood chemistry. Our results suggested that the general condition of the rats were not affected by the ELF EMF. In addition, the results from blood hematogram and blood chemistry showed that the WBC, RBC, platelets, blood lipid profile, blood glucose, liver function and renal function of rats from the ELF EMF group were not significant different from those of the sham group. Moreover, we also demonstrated that exposure to a 100-μT ELF EMF did not influence the histological structure of the liver and kidney compared with the control group.

Our investigation showed that exposure to ELF EMFs had no effect on hematogram, which is consistent with the previous epidemiological studies \[[@RRV059C24]\] and animal studies \[[@RRV059C20]\]. However, Seto *et al.* reported that total WBC count, lymphocyte count, and eosinophil count were significantly lower in 60-Hz high-intensity field (80-KV/m)--exposed subjects \[[@RRV059C25]\], which was supported by Cakir *et al.* using a 0.98-mT ELF EMF as the exposure source \[[@RRV059C15]\]. These studies suggest that the intensity of the ELF EMF is an important factor influencing the hematologic response.

As for the hematogram examination, blood chemistry is usually used to evaluate the health of humans and animals. The results of the lipid profile and blood glucose level showed that exposure to ELF EMFs had no effect on them, which is similar to the results of the study conducted by Ragan *et al.* \[[@RRV059C19]\]. Recently, Torres-Duran *et al.* found that 60-Hz/2.4-mT ELF EMF exposure did not influence the triglyceride or total cholesterol, whereas the HDL and free fatty acid levels were increased \[[@RRV059C26]\].

Liver function detection showed that the liver enzyme, liver weight and liver structure were not affected by exposure to ELF EMFs. Coincidentally, the liver weight was not influenced in rats exposed to an EMF for a longer period or at a higher intensity \[[@RRV059C27], [@RRV059C28]\]. However, there remains a controversy about the effects of ELF EMFs on liver function. Hashish *et al.* reported that exposure to a 50-Hz ELF EMF for 30 days caused a significant increase in AST level \[[@RRV059C29]\], which may due to oxidative stress or apoptosis caused by the ELF EMF \[[@RRV059C30]\].

Importantly, we are the first to report the effects of ELF EMFs on renal function. Both the direct indicators (BUN, Cr) and indirect indicators (blood Ca and Mg) were used to assess the renal function. No significant change was found after exposure to ELF EMFs. Some studies have reported that high-frequency EMF exposure has had some harmful effects on renal morphology and function \[[@RRV059C31], [@RRV059C32]\]. In addition, it has been reported that exposure to ELF EMFs could cause oxidative stress in kidneys \[[@RRV059C33], [@RRV059C34]\]. However, ELF EMFs may not be strong enough to damage the renal function.

In summary, in our present study, we found that exposure to ELF EMFs had no effect on the hematogram and blood chemistry, indicating that 50-Hz/100-μT ELF EMFs might be safe for human and animal health. This is similar to the conclusion reached by the World Health Organization (WHO) in 2007 after ten years of follow-up, which declared that ELF EMFs might have no effect on human health \[[@RRV059C35]\].

However, there are some studies that suggest that ELF EMFs could affect human health \[[@RRV059C1], [@RRV059C36]\] and even cause cancer \[[@RRV059C5], [@RRV059C37]--39\]. These conflicting results for the effects of ELF EMFs on hematograms and blood chemistry may be due to variation in the duration of exposure or to secondary electric field effects (e.g. noise), especially field strengths. Most of the positive effect studies employed higher exposure intensity (\>1 mT, which is much higher than humans encounter in daily life). Generally, the maximum allowable of ELF EMFs for the public is 100 μT \[[@RRV059C3]\], which is the strength that was used in the present study. Thus, the results from our present study may be more suitable to use as a guide for public exposure.

However, there are some limitations in our study. First, a longer exposure time may result in more comprehensive observation. Second, the precise safety limits of ELF EMFs remain unknown and need further investigation. In addition, the effects on diseased rats remain unknown. Therefore, additional work is needed to make the conclusion more rigorous.

In conclusion, our study suggested that 100-μT ELF EMFs may not affect an animal\'s hematogram or blood chemistry after a 12-week exposure.
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